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ABSTRACT

Introduction: This study aimed to evaluate the
role of tumor marker carbohydrate antigen (CA)
125 (CA125), CA19-9, carcinoembryonic anti-
gen (CEA) and Krebs von den Lungen-6 (KL-6)
in the diagnosis and determination of the
severity of interstitial lung disease (ILD) in
rheumatoid arthritis (RA) patients.
Methods: A retrospective analysis was per-
formed. Fifty RA patients (24 patients with ILD
and 26 patients without ILD), 10 healthy sub-
jects and 14 patients with other connective tis-
sue disease-associated interstitial lung disease
were included. Serum levels of KL-6 and tumor
markers CA19-9, CA125 and CEA were mea-
sured. Chest HRCT of patients with ILD was
scored quantitatively according to the degree of
fibrosis. Data on the C-reactive protein,

erythrocyte sedimentation rate, rheumatoid
factors and anti-cyclic peptide containing
citrulline (anti-CCP) were also collected.
Results: Serum levels of KL-6, CA19-9, CA125
and CEA in the RA-ILD group were significantly
higher than those in the RA-no-ILD group. The
serum KL-6 level was positively correlated with
the HRCT fibrosis score (r = 0.63, p = 0.002).
The logistic regression analysis showed that
CA19-9 and smoking were associated with RA-
ILD [OR = 1.118, 95% CI = (1.038, 1.204),
p = 0.003 for CA19-9, OR = 14.969, 95% CI =
(1.750, 128.043), p = 0.013 for smoking].
Conclusions: KL-6 level and tumor markers
were elevated in RA-ILD, and strongly associ-
ated with the severity of ILD, supporting their
value as pathogenically relevant biomarkers,
which can contribute to noninvasive detection
of this extra-articular disease complication.

PLAIN LANGUAGE SUMMARY

Interstitial lung disease (ILD) is a common
pulmonary manifestation of RA associated with
high morbidity and mortality. Our retrospective
study was performed to investigate the clinical
utility of tumor marker carbohydrate antigen
(CA) 125 (CA125), CA19-9, carcinoembryonic
antigen (CEA) and Krebs von den Lungen-6 (KL-
6) in the diagnosis and determining the severity
of RA-ILD. Fifty RA patients (24 patients with
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ILD and 26 patients without ILD), 10 healthy
subjects and 14 patients with other connective
tissue disease-associated interstitial lung disease
(CTD-ILD) were included. The results showed
KL-6 level and tumor markers were elevated in
RA-ILD, and strongly associated with the
severity of ILD, which meant KL-6 and tumor
markers might be useful pathogenically relevant
biomarkers and could be predictors for the
diagnosis and determination of severity of ILD
in RA.

Keywords: Interstitial lung disease; KL-6;
Rheumatoid arthritis; Tumor markers

Key Summary Points

Interstitial lung disease (ILD) is a serious
complication of rheumatoid arthritis (RA)
and is associated with high morbidity and
mortality for affected patients

Though ILD is well recognized as the most
prevalent comorbidities in RA, less is
known about the serum biomarkers of RA-
ILD

Our study showed KL-6 and tumor
markers CA19-9, CA125, CEA might be
useful predictors for the diagnosis and
determination of the severity of ILD in RA

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
13626398.

INRODUCTION

Rheumatoid arthritis (RA) is a common sys-
temic autoimmune and inflammatory disease

associated with progressive impairment, sys-
temic complications and increased mortality
[1]. Approximately 40% of RA patients may
present with the extra-articular manifestations,
and pulmonary involvement is a common fea-
ture [2]. Interstitial lung disease (ILD) is the
primary pulmonary manifestation of RA, which
can be detected in 60% of RA patients on high-
resolution computed tomography (HRCT), and
is a leading cause of substantial morbidity and
mortality for affected patients [3, 4]. The med-
ian survival for patients with RA overall was
reported to be 9.9 years, while median survival
after ILD diagnosis was 2.6 years [5]. However,
Solomon et al. found overall mortality rates in
RA are declining, and the rate of death due to
rheumatoid arthritis-associated interstitial lung
disease (RA-ILD) has increased significantly [6].

To manage RA-ILD, early diagnosis and
monitoring of disease progression are impor-
tant. At present, the diagnosis of RA-ILD mainly
depends on HRCT, but costs and ionizing radi-
ation may limit its use in clinical practice, and
lung tissue itself is relatively inaccessible. Find-
ing new non-invasive markers associated with
RA-ILD is urgently needed.

Tumor markers were mainly referred to bio-
logical substances synthesized and released by
tumor cells or other cells in response to tumor
tissue, which can play a certain role in the
clinical diagnosis of related tumors. The com-
monly used clinical tumor markers were carbo-
hydrate antigen (CA) 125 (CA125) and CA19-9,
carcinoembryonic antigen (CEA). In recent
years, tumor markers have been found to be
associated with ILD in connective tissue disease
(CTD) [7]. Shi et al. observed that higher serum
CA153 and neuron-specific enolase (NSE) levels
are significantly related to increased risk of ILD
in patients with primary Sjögren’s syndrome
(pSS) rather than the EULAR Sjögren’s syn-
drome disease activity index (ESSDAI) [8]. Ele-
vated CA125 was associated with a sixfold
increase in the odds of ILD in RA [9].

Krebs von den Lungen-6 (KL-6) is a mucin-
like glycoprotein, which has profibrotic and
anti-apoptotic effects on lung fibroblasts. KL-6
is considered to reflect the degree and severity
of alveolar epithelial injury and might be a
useful biomarker for predicting the prognosis of
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idiopathic pulmonary fibrosis (IPF) [10–12]. In
recent years, numerous studies have focused on
the relationship between KL-6 and ILD [13, 14].
Lee et al. found KL-6 levels were higher in RA-
ILD than RA-no-ILD patients [15]. However,
whether KL-6 can distinguish ILD in patients
with RA and be a biomarker for the presence of
RA-ILD is still unknown; the relationship
between KL-6 and tumor markers in RA-ILD has
also not been reported.

The assessment of tumor markers and KL-6
be of clinical significance for identifying and
monitoring RA-ILD. Based on these considera-
tions, the current study aimed to investigate
their role in the diagnosis and determination of
the severity of RA-ILD.

METHODS

Study Design and Patients

This is a retrospective analysis of 50 patients
who met the 1987 American College of
Rheumatology (ACR) criteria for definite RA
[16] at Nanfang Hospital of Southern Medical
University between January 2019 and Septem-
ber 2019. Patients were excluded from this
study if they were suffering from other pul-
monary diseases, such as pulmonary infection,
pulmonary tuberculosis, chronic obstructive
pulmonary disease and ILD caused by pneu-
moconiosis; inhalation of organic matter and
other causes; sarcoidosis and amyloidosis; a
history of malignancy or other disease that
might affect levels of tumor markers; or a recent
clinically significant infection (HIV, viral hep-
atitis, etc.). Ten healthy controls (HC) matched
by age and gender were also enrolled. An
internal reference group was also included,
which was composed of 14 other patients with
CTD-ILD (including 3 patients with mixed
connective tissue disease, 3 patients with scle-
roderma, 2 patients with dermatomyositis, 3
patient with myositis, 1 patient with Sjogren’s
syndrome, 1 patient with Raynaud syndrome
and 1 patient with anti-synthase antibody syn-
drome), which met the classification criteria of
corresponding CTD [17–19]. All enrolled sub-
jects underwent chest HRCT scans, and HRCT

was evaluated by two radiologists and one res-
piratory surgeon, who were blinded. The diag-
nosis and evaluation of interstitial lung disease
was made according to chest HRCT [20]. All
procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki declaration and its later amend-
mentsor comparable ethical standards. The
study was approved by the Ethics Committee of
Nanfang Hospital, Southern Medical University
(NFEC-2019-240). Informed consent was
obtained from all individual participants inclu-
ded in the study.

HRCT Fibrosis Scoring

Fibrosis was scored using an arbitrary semi-
quantitative scale from 0 to V [21]: grade 0 (0
points): no fibrosis; grade 1 (1 point), presence
of abnormal lobular structure, subpleural verti-
cal line shadow, subpleural arc shadow, etc.;
grade 2 (2 points): abnormal lobular structure,
abnormal interstitial shadow around the bron-
chovascular bundle, thickening of the bron-
chovascular bundle, deformation of the lobular
outline, interlobular septum, etc.; grade 3 (3
points): lobular morphological abnormality
with abnormal interstitial shadow around the
bronchovascular bundle and\ 10 mm honey-
comb shadow; grade 4 (4 points): lobular mor-
phological abnormality with abnormal
interstitial shadow around the bronchovascular
bundle and the extent of the abnormal inter-
stitial shadow is 10–30 mm; grade 5 (5 points):
abnormal interstitial shadow around the bron-
chioles and vascular bundles and[30 mm
honeycomb shadow; the lung texture is unclear
or has disappeared. The two lungs are artificially
divided into six lung areas: the left upper lung,
left middle lung, left lower lung, right upper
lung, right middle lung area and right lower
lung area. The upper aortic arch was taken as
the upper lung area, below the aortic arch to the
right inferior pulmonary vein as the middle
lung area, and below the right inferior pul-
monary vein as the lower lung area. HRCT
fibrosis score of patients with ILD was scored
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blindly by two imaging doctors and one respi-
ratory doctor. Finally, the average value was
calculated as the final score. The severity of
pulmonary interstitial fibrosis was determined
according to the score.

Clinic and Laboratory Indexes

Clinical data were collected from patient
records using electronic data processing. The
data collected included demographic informa-
tion and systemic inflammation [C-reactive
protein (CRP), erythrocyte sedimentation rate
(ESR)]. Plasma levels of rheumatoid factors (RF)
and anti-cyclic peptide containing citrulline
(anti-CCP) were also recorded.

Circulating Biomarkers

All serum samples were stored at – 80 �C prior to
use. Tumor markers including CEA, CA125 and
CA19-9 were measured in the laboratory at
Nanfang Hospital. The concentration of CA125
was determined by chemiluminescent
microparticle immunoassay. The concentra-
tions of CA19-9 and CEA were measured by the
Bayer Centaur automatic chemiluminescence
immunoassay system. The concentration of KL-
6 was measured by chemiluminescence
immunoassay with the LumipulseG1200 kit
according to the manufacturer’s instructions.
The normal ranges of each tumor-associated
antigen (TAA) are defined as follows: CA19-
9\ 37.00 U/ml; CA125\ 35.00 U/ml; CEA\5
lg/l.

Statistical Analysis

Continuous variables are summarized as med-
ian [interquartile ranges (IQR)] or mean ± SD
and categorical data with frequency (percent-
ages). The clinical characteristics and serological
markers of different groups were compared
using Student’s t-test or Mann-Whitney U test
(for continuous data) or chi-squared test (for
categorical data). We used Spearman’s correla-
tion coefficient by rank to analyze the correla-
tion between serological markers. Binary
logistic regression analysis was used to analyze

the risk factors of interstitial lung disease in
patients with RA. The receiver-operating char-
acteristic (ROC) curve was used to analyze the
value of each serological marker in the diagno-
sis of RA-ILD. SPSS 20.0 (SPSS Inc., Chicago, IL,
USA) was used to complete the analysis.
P \0.05 was considered statistically significant.

RESULTS

Characteristics of the RA Patients

Of 50 RA patients, 24 were identified as RA-ILD
and 26 as RA-no-ILD cases based on evidence of
HRCT imaging scans. Clinical features of the
included patients are shown in Table 1. The
mean age of RA-ILD patients was
62.9 ± 11.8 years and that of RA-non-ILD cases
was 56.5 ± 10.3 years. Percentages of males and
smokers were higher in RA-ILD than in RA-no-
ILD patients. RA-ILD patients were more likely
to be older and had higher RF levels than RA-
no-ILD patients, but this association was not
statistically different between the two groups.
RA-ILD patients had higher CRP levels than RA-
non-ILD patients (p\0.05), while other general
biological indexes, such as the duration of the
disease process, anti-CCP, RF and ESR, showed
no significant difference between the two
groups.

Association Between Serum Tumor
Markers, KL-6 and Disease Activity
Indicators

We compared the tumor markers and KL-6 level
among the different groups; the results showed
the levels of KL-6, CA19-9, CA125 and CEA in
the RA-ILD group were apparently increased
compared to the RA-no-ILD group, and the
CA19-9 level in the RA-ILD group was also sig-
nificantly higher than in the CTD-ILD group,
while tumor markers and KL-6 showed no sig-
nificant difference between the RA-no-ILD and
HC patients. The HRCT score and KL-6 level
were comparable between the CTD-ILD and RA-
ILD patients (Table 1 and Fig. 1).
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Table 1 Demographic and clinical features of patients at baseline

RA-no-
ILD
N = 26

RA-ILD
N = 24

HC
N = 10

CTD-ILD
N = 14

RA-ILD
vs. RA-
no-ILD

RA-
ILD vs.
HC

RA-ILD
vs.
CTD-
ILD

RA-no-
ILD vs.
HC

CTD-
ILD
vs. HC

Age, years 56.6 ± 10.3 62.9 ± 11.8 52.2 ± 6.4 53.1 ± 5.9 0.051 0.011 0.002 0.218 0.734

Male sex 6 (23.1) 14 (58.3) 2 (20.0) 5 (35.7) 0.012 0.063 0.313 1.000 0.653

Ever-smoker 4 (15.4) 12 (50.0) 1 (10.0) 3 (21.4) 0.015 0.051 0.101 1.000 0.615

BMI, kg/m2 22.2 ± 4.0 23.1 ± 4.1 25.8 ± 3.8 22.6 ± 3.2 0.613 0.112 0.917 0.024 0.041

RA

duration,

years

3 (0.2, 30) 4.5 (0.6,

26.0)

0.427

RF, IU/ml 305.6 (9.5,

3560.0)

561.8 (65.3,

2730)

0.054

Anti-

CCP,RU/

ml

175.6 (0.5,

1200.0)

205.0 (0.5,

1200.0)

0.651

CRP, mg/l 6.4 (0.3,

135.4)

54.5 (0.4,

246.1)

1.8 (0.2,

11.8)

11.7 (0.2,

90.9)

0.003 \ 0.001 0.032 0.012 0.051

ESR, mm/h 60.5 (2.0,

132.0)

54.5 (13,

125.0)

0.834

KL-6, U/ml 227.0

(136.0,

581.0)

558.0

(221.0,

3575.0)

232.0

(179.0,

777.0)

824.5

(348.0,

3866.0)

\ 0.001 0.001 0.365 0.489 0.001

CA125,

U/ml

9.0 (3.5,

17.8)

40.0 (7.1,

75.0)

8.3 (4.3,

16.8)

16.2 (5.9,

171.3)

\ 0.001 \ 0.001 0.098 0.453 0.016

CA19-9,

U/ml

16.2 (6.7,

42.8)

56.8 (11.8,

521.6)

12.1 (2.4,

29.9)

13.7 (4.4,

100.4)

\ 0.001 \ 0.001 \ 0.001 0.258 0.482

CEA, lg/l 0.9 (0.1,

2.8)

1.6 (0.5,

3.8)

0.8 (0.1,

2.6)

0.9 (0.1,

3.5)

0.009 0.050 0.330 0.929 0.342

HRCT

fibrosis

score

14.6 ± 7.3 18.3 ± 5.9 0.121

Data are presented as mean ± SD
RA-no-ILD rheumatoid arthritis-without interstitial lung disease, RA-ILD rheumatoid arthritis-related interstitial lung
disease, HC healthy controls, CTD-ILD connective tissue disease-associated interstitial lung disease, BMI body mass index,
RF rheumatoid factor, Anti-CCP anti-cyclic peptide containing citrulline, CRP c-reactive protein, ESR erythrocyte sedi-
mentation rate, KL-6 Krebs von den Lungen-6, CA125 carbohydrate antigen 125, CA19-9 carbohydrate antigen 19-9, CEA
carcinoembryonic antigen, HRCT high-resolution computed tomography
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We also explored the correlation between
these potential new biomarkers and the severity
of ILD by Spearman analysis and found the KL-6
level was apparently correlated with the HRCT
fibrosis score in the RA-ILD group and CTD-ILD
group. No obvious correlation was found
between the tumor markers and HRCT fibrosis
score in any of the groups (Table 2).

We next evaluated the strength of correla-
tion between RA-ILD and tumor markers as well
as KL-6 by using logistic regression analysis. KL-
6, CA125, CA19-9, CEA, CRP, RF, age, sex and
smoking history were included in this model.
After adjusting the mutual influence of factors,
the serum levels of CA19-9 [odds ratio (OR) =

1.118, 95% confidence interval (CI) = (1.038,
1.20)] and smoking [OR = 14.969, 95% CI =
(1.750, 128.043)] were significantly associated
with RA-ILD, which meant high CA19-9 levels
and smoking may increase the morbidity of ILD
in RA (Table 3).

Clinical Values of Tumor Markers and KL-
6 in the Diagnosis of ILD in RA Patients

An ROC assessment was performed to evaluate
the diagnostic value of the studied tumor
markers and KL-6. As Fig. 2 shows, high levels of
tumor markers and KL-6 are closely related to

Fig. 1 Elevated KL-6 and tumor markers level in RA-ILD
patients. The levels of KL-6 (a), CA19-9 (b), CA125
(c) and CEA (d) were significantly higher in RA-ILD
patients. RA-no-ILD rheumatoid arthritis-without inter-
stitial lung disease, RA-ILD rheumatoid arthritis-related

interstitial lung disease, HC healthy controls, CTD-ILD
connective tissue disease-associated interstitial lung disease,
KL-6 Krebs von den Lungen-6, CA125 carbohydrate
antigen 125, CA19-9 carbohydrate antigen 19-9, CEA
carcinoembryonic antigen
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RA-ILD. The area under the ROC curve (AUC) of
all four markers are [ 0.7, i.e, KL-6 (AUC =
0.916, 95% CI = 0.790–0.978), CA125 (AUC =

0.896, 95% CI = 0.764–0.968), CA19-9 (AUC =
0.911, 95% CI = 0.795–0.974) and CEA
(AUC = 0.716, 95% CI = 0.571–0.835). The
sensitivity, specificity and best critical value
were shown in Table 4.

DISCUSSION

ILD is a common pulmonary manifestation of
RA associated with high morbidity and mortal-
ity [22], but the diagnostic value of biomarkers
of RA-ILD is still unkown. In our study, the
levels of serum CEA, CA19-9, CA125 and KL-6
in RA-ILD were significantly higher than those
in RA-no-ILD, which was consistent with pre-
vious reports [14, 23]. These markers were
comparable between RA-no-ILD and HC, sug-
gesting that tumor markers and KL-6 may have
specific correlations with ILD but not RA, which
means RA patients with a high level of KL-6 and
tumor markers may be more likely to develop
ILD. The ROC curve further revealed that the
circulating KL-6 and tumor markers were posi-
tive biomarkers for RA-ILD.

Tumor markers are measurable biochemicals
in body tissues, fluid and feces and play an
important role in the prognosis and severity of
malignancy [24, 25]. In addition to cancer,
many other diseases also can lead to elevated
tumor markers. A large multicenter sample
study found that CA125 and CA19-9 were
biomarkers of epithelial injury in patients with
IPF [26]. It was also reported that the expression
of CA19-9 in ILD with CTD was increased and

Table 2 Correlation of the severity of ILD in RA with KL-6 and tumor markers

HRCT fibrosis score of RA-ILD HRCT fibrosis score of CTD-ILD

r p r p

KL-6 0.63 0.00 0.69 0.009

CA125 0.25 0.31 0.51 0.051

CA19-9 0.28 0.19 0.41 0.13

CEA 0.33 0.12 0.45 0.087

KL-6 Krebs von den Lungen-6, CA125 carbohydrate antigen 125, CA19-9 carbohydrate antigen 19-9, CEA carcinoem-
bryonic antigen, HRCT high-resolution computed tomography, RA-ILD rheumatoid arthritis-related interstitial lung
disease, HC healthy controls, CTD-ILD connective tissue disease-associated interstitial lung disease

Table 3 Logistic regression analysis of the association of
RA-ILD and tumor markers

Variate OR 95% CI p

Smoking 14.969 1.750–128.043 0.013

CA19-9 1.118 1.038–1.204 0.003

RA-ILD rheumatoid arthritis-related interstitial lung dis-
ease, CA19-9 carbohydrate antigen 19-9, CI confidence
interval, OR odds ratio

Fig. 2 Predictive capacity of tumor markers and KL-6 in
the presence of ILD in RA. KL-6 Krebs von den Lungen-
6, CA125 carbohydrate antigen 125, CA19-9 carbohydrate
antigen 19-9, CEA carcinoembryonic antigen, RA-ILD
rheumatoid arthritis-related interstitial lung disease
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the level of CA19-9 was inversely related to the
diffusion capacity of the lung for carbon
monoxide (DLCO). Moreover, after treatment
with immunosuppressants, the CA19-9 level in
CTD-ILD was decreased [27]. In our research,
tumor markers CA125, CA19-9 and CEA were
increased in RA-ILD and might play a role in the
occurrence and development of ILD, which
means these three tumor markers are not only
risk factors for cancer, but also diagnostic indi-
cators for RA-ILD. The reason for the elevated
tumor marker levels is not clear yet. The main
pathogenesis of ILD might be the sustained
injury, over repair, apoptosis of epithelial cells
and formation of fibroblast foci. CA125 and
CEA have been reported to reflect the prolifer-
ation and secretion of epithelial cells, which
may provide new thoughts about the correla-
tion between tumor markers and ILD [28].
Although the diagnostic value of tumor markers
was obtained by the ROC curve, its specificity
and sensitivity in clinical application need to be
further observed, and the underlying mecha-
nism is still unknown.

KL-6 is a chemotactic factor of lung fibrob-
lasts and considered to be a marker for the
degree and activity of inflammation as well as
pulmonary fibrosis [29]. Serum KL-6 is elevated
in 70–100% of patients with various ILDs, such
as IPF, CTD-ILD and hypersensitivity pneumo-
nia [30]. The use of drugs may affect serum KL-6
levels in RA patients. In a retrospective study of
RA, the KL-6 level was obviously higher in
patients treated with biological agents than in
those treated with methotrexate [31]. Our

results confirmed the level of KL-6 was signifi-
cantly increased in both RA-ILD and CTD-ILD
patients; further analysis found KL-6 had posi-
tive correlation with the HRCT fibrosis score,
which meant a high KL-6 level was an impor-
tant discriminating factor of ILD, and it might
be a useful predictor for the severity of ILD in
RA patients.

Our study also has several limitations. First,
since this was a retrospective study, we were
unable to follow up the occurrence of cancer
and mortality in all enrolled patients in the
following years. Second, the number of patients
included in this study was relatively small,
which limited our power to explore the statis-
tical differences in different lung imaging pat-
terns. Finally, detailed treatment information
such as the type, dose, timing and duration of
medication was not included in the analysis of
prognostic factors. Further studies with more
patients, lung biopsy, pulmonary function and/
or BALF testing are needed to explore the actual
relationships between RA-ILD and tumor
markers, KL-6 and the possible mechanisms. All
these important limitations should be addressed
in subsequent prospective studies.

CONCLUSIONS

In conclusion, this study aimed to identify new
non-invasive markers of RA-ILD, which can
facilitate earlier diagnosis and treatment of this
disease. The results demonstrated a strong cor-
relation of circulating tumor marker CA125,

Table 4 Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), area under the ROC curve
(AUC) and accuracy of cut-off values in RA-ILD

Variable Suggested cut-off Sensitivity Specificity AUC 95% CI Youden’s index PPV NPV

KL-6 399 85.71% 90.91% 0.916 [0.790–0.978] 0.7662 85.7% 86.4%

CA19-9 42.83 73.91% 100.00% 0.911 [0.795–0.974] 0.7391 94.4% 80.6%

CEA 1.43 62.50% 80.77% 0.716 [0.571–0.835] 0.4327 71.4% 69.0%

CA125 14.3 78.95% 95.83% 0.896 [0.764–0.968] 0.7478 88.2% 84.6%

KL-6 Krebs von den Lungen-6, CA125 carbohydrate antigen 125, CA19-9 carbohydrate antigen 19-9, CEA carcinoem-
bryonic antigen, PPV positive predictive value, NPV negative predictive value, ROC relative operating characteristic curve,
CI confidence interval, AUC area under the ROC curve
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CA19-9, CEA and KL-6 with the onset and dis-
ease severity of ILD in RA patients, which meant
these may hold promise as useful biomarkers for
RA-ILD.
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